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Sticking of H e A on cold NaF and LiF 
surfaces in presence of resonant bound 
states
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D e p a r tm e n t  o f  P h y s ic s  ,
V is v a -B h a r a t i  U n iv e r s ity ,
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Abstract: One phonon assisted stickings of T ie4 on L i F  and N a F  
are considered quantum  mechanically under T -m atrix  form alism . T he 
bound s ta te  energies and corresponding surface tem pera tu res at which 
th e  sticking takes place are evaluated and  com pared w ith the experi- 
en tal resu lts .lt is found th a t the exact T -m atrix  approach using the 
Morse po ten tial gives b e lte r  results.
PACS num bers : 6 8 .d 5 .D a , 6 8 .3 5 .M d , 8 2 .6 5 .D p
K ey w o rd s: P h o n o n  a ss is te d  S t ic k in g , B o u n d  s ta te , L ife  t im e , 
T - m a t r ix .
T h e  m e c h a n ism  o f s t ic k in g  o f l ig h t  a to m s  an d  m o le cu le s  on th e  co ld  so lid  
su rfa ce s  a re  a c t u a l ly  ta c k le d  b y  q u a n tu m  m e c h a n ic a l a p p ro a ch  as th e  re ­
su lts  g iv e  th e  b e t te r  a g re e m e n t w ith  e x p e r im e n ts  on  m o le c u la r  b e a m .T h e  
p r o b a b ility  o f  t r a n s it io n  from  an in it ia l c o n tin u u m  to  a  n e g a t iv e  e n e rg y
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b o u n d -s ta te ( B S )  c a n  b e  in te r p r e te d  as th e  tr a p p in g  o r  th e  s t ic k in g  co- 
e ff ic ie n t(S C )  fo r  a  g iv e n  B S .W e  in te n d  to  c a lc u la te  th e  S C  in  p re s e n c e  o f 
re so n a n c e  B S .
In a d d itio n  to  fo rm a tio n  o f  B S  th e  in e le s tic  p ro c e ss e s  b e c o m e  v e r y  im p o r ­
ta n t  an d  re sp o n s ib le  fo r  s t ic k in g  w h e n  w e ch o o s e  th e  lo w  e n e rg y  in c o n p n g  
p a rt ic le s . T h is  is in te r p r e te d  as th e  p h o n o n  a ss is te d  s c a t te r in g  o f  a  gas 
so lid  in te r a c tio n  a n d  n o r m a lly  tre a te d  b y  d is to r te d  w a v e  B o rn  a p p ro x i-  
m a t io n ( D W B A ) .
For p h o n o n  a ss is te d  in e le s tic  s c a t te r in g  le a d in g  to  p o s s ib le  p h y s is o r p t io n , 
th e  q u a n tu m  re fle c tio n  e ffe c ts  w h ic h  re d u c e  th e  a d s o r p tio n  co e ff ic ie n t to  
ze ro  in a  lim it  o f  z e ro  e n e rg y  c o u ld  v e r y  w ell b e  d e s tro y e d  b y  s u c c e s s iv e  
p h o n o n  in t e r a c t io n .T h e  u su a l m e th o d  o f  D W B A  m a y  n o t b e  a d e q u a te  as 
it o v e rc o u n ts  th e  s c a t te r in g  c h a n n e ls .[1]
W e co n s id e r  th is  as o u r  s ta r t in g  p o in t an d  c o n je c tu r e  t h a t  th is  m a y  b e  
ta k e n  c a re  o f b y  c o n s id e r in g  th e  p ro p e r  c o rre c tio n s  to  in e la s t ic  s c a t t e r ­
in g .T h e  p u rp o se  o f  th e  p re se n t w o rk  is th e re fo re  to  e v a lu a te  th e  s t ic k in g  
in p re se n c e  o f B S[2] ta k in g  th e  h ig h e r  o rd e r  te rm s  in  th e  s c a t t e r in g 1, T -  
m a tr ix  o f th e  s y s te m . F or p h o n o n  a ss is te d  a d s o p tio n  in  w h ich  th e  o n e  
p h o n o n  is ta k in g  p a r t ,th e  c o n tro lle d  a d s o rb tio n  p ro c e ss  is c o m p le te d  a f­
te r  an e q u ilib r iu m  a d s o r b a te  h as b e e n  b u ilt  u p  w ith  th e  g as te m p e r a tu r e  
T g e q u a l to  th e  in it ia l  so lid  te m p e r a tu r e  an d  th e n  s u d d e n ly  lo w e re d  b y  
T s[3].ln  e v a lu a t in g  th e  p ro p o se d  p a ra m e te r s  w e  a ss u m e  th e  fo llo w in g :
•  T h e  c o u p lin g  is r e s tr ic te d  to  b e  lin e a r  in th e  d is p la c e m e n t a n d  th e  
s c a t te r in g  is c o n s id e re d  in  low  e n e rg y  re g io n (fo r  o n e  p h o n o n )
•  T h e  p a r t ic le s  a re  a ss u m e d  to  b e  s tr u c tu r e le s s  a n d  s u r fa c e  t o  b e  fla t 
in th e  r ig id  la t t ic e  s itu a tio n s .
•  T h e  in te ra c tio n  p o te n t ia l  h a s b ee n  ch o sen  to  b e  M o r s e -p o te n tia l 
w h ich  d e v e lo p s  ju s t  o n e  sh a llo w  B S  (|£o| <  h u p ) .
•  D u rin g  a d s o rb tio n  p ro c e ss  n o  c h e m ic a l r e a c tio n  ta k e s  p la c e .
•  T h e  s p e c tra l d is tr ib u tio n s  fo r  th e  su rfa ce s  h a v e  b e e n  a s s u m e d  to  
b e  th e  M o rse  t y p e  a n d  th e  s p e c tr a l fu n c tio n s  a re  o b ta in e d  fro m  th e  
G r e e n ’s fu n c tio n s  o f  a d s o rb e d  su rfa ce s .
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T h e  m o d e l H a m ilto n ia n  fo r th e  g as-so lid  s y s te m  ca n  b e  s e p a r a te d  in to  
th e  fo llo w in g  su b  H a m ilto n ia n  fo r  g as ,so lid  an d  th e  in te ra c tio n  p a rt  i,e
H  =  H g +  H s +  H dyn , (1)
W h ic h  in  te rm s  o f  c re a tio n / a n n ih ila t io n  o p e ra to rs  a n d  in lo c a lis e d , non- 
lo ca lise d , p h o n o n  m o d e s  a n d  a fte r  ca n o n ic a l tra n s fo rm a tio n  re d u ce s  to[4],
H = ^ EA cQ + ^ hupKbr + \ Y ^ X(q~ p' q)x(q/+p' q')Xlcl>+PC<i'cl-Pc'i
9 P
x [ y . , - y +p), (2)
W h e r e  p an<^
In e q u a tio n  (2) th e  first p a rt  re p re se n ts  th e  lo ca lise d  fre e  p a r t ic le  e n e rg y  
w h ere  E q is th e  e ig e n  v a lu e  o f  th e  fre e  p a r t ic le  s ta te  c o n ta in in g  th e  B S  
e n e rg y  E n w ith  n = 0 , l ,2 ,3 , ......T h e  se co n d  p a rt  re p re se n ts  th e  k in e t ic  e n ­
e rg y  p f  th e  h a rm o n ic  so lid  w ith  bj, bp th e  c r e a tio n / a n n ih ila t io n  o p e ra to rs  
o f lo n g itu d in a l a c o u s tic  p h o n o n s o f fr e q u e n c y  u>p in th e  a b se n c e  in g a s  
(Ap =  j - )  w ith  p h o n o n  m o d e s  u p. T h e  th ir d  te rm  re p re se n ts  th e  g as 
solid  in te r a c tio n  w ith  k e rn e l g iv e n  b y
*<«•«-') - ^ ) " n S  <3>
For ju s t  o n e  sh a llo w  B S  w e  ta k e  th e  s ta t ic  su rfa ce  p o te n tia l as,
V0( x )  =  l/0( e “ a7(* “ *o) -  2 e - 7 ( l- Io)). (4)
T o  o b ta in  th e  T - m a t r ix  w e  so lv e  th e  H a m ilto n ia n  w ith  th e  lo c a lis e d  
sin g le  p a r t ic le  G r e e n ’s fu n c tio n
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G k m {t)  = «  a * ( 0 ,« ! n ( 0 )  »  .
W h ic h  a fte r  F o u rio r  tra n s fo rm a tio n  a n d  ite r a t io n  le a d s  to  
G kk{ E )  =  G 0( E )  +  G o ( E ) T G 0( E ) ,
w h e re ,
G 0( E )  =
1
2 tt( E  -  E k)
r ;  T  =
27rAfc
1 _  V1 L q  ( E - f i , )
<md A ,  -  y
I x ( < 7 ,7 - P ) |2^ n , _ p




H ere V  is th e  m o m e n tu m  o f  th e  g as p a r t ic le  in th e  lo c a lise d  s ta te  an d  
(</ — p)  is th a t  in th e  B S . E  is th e  e ffe c t iv e  fin al e n e rg y  w ith  tra n s fo rm e d  
B S  e n e rg y  E n, d u e  to  g as so lid  in te r a c tio n  p lu s th e  p h o n o n  encrgy.\
l
H en ce  th e  tra n s itio n  p r o b a b ility  fro m  th e  in it ia l c o n tin u u m  to  fin a l B S  
u n d e r  th e  em iss io n  o f p h o n o n  m a y  b e  g iv e n  b y  th e  G o ld e n  ru le
Hen =  y  <  T  I V ,  >  H E }  -  E t ) n eq. (8)
w h e re  for B S  e n e rg y  E t ,
n e,  =  e x p { ( igp  -  P ,E , )
T h e  re a l p a r t  o f  th e  T - m a t r ix  g iv e s  th e  tra n s it io n  p r o b a b ili ty  R m  and  
h e n c e  th e  s t ic k in g  c o e ffic ie n t n o rm a lise d  b y  th e  flu x  o f  in c o m in g  p a rt ic le  







■ I o °  E ( x ) d i
(9)
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where, C  =  F { s 2) a n d
F ( x )  =
sinh(27r-v/ x )
sinh2(7T>/x) +  c o s h 2(n a o ) \ 
[x  +  ((To -  n -  1/2)2]2
r ( l / 2  +  <7o T* iy / x )
)■
-  s i  +  5 2 (10)
w ith n eq =  c x p \ 0 g / i\ e x p [—6 s 2/r] w here  S =  0 s hu>d, =  
Im U o .  C2 _  2 m \ E n [ . _  2mujd
T?72 i ~  f c V  » T -  - f f i T
T A B L E (l): M o rse -P o te n tia l p a ram e te rs [5 ] for H e-L iF  a n d  H e -N aF  sy s­
tems.
system s 1 O U o (h ') cr0 V
m
H e-LiF 1.09 81.75 730 4.023 144.55 0.152
11 e -N aF 0.97 77.78 450 3.491 70.496 0.0952
T A B L E  (2): B o u n d -s ta te  en e rg ies  a n d  t ra n s ie n t  tim e s  a t  a  g iv en  tem - 
peratuie range.
system s S u b s tr a te
tc m p .ra n g e (K )
n T h eo .B S
(K )
E x p t.B S
(K )
tr a n s ie n t
t im e ( t s)Sec.
lle -L iF 34 0 62.69 68.47 7.87 x lO " 9
08. 1 32.16 28.55 2.17 x 10 ' 8
0 2 2 11.72 9.05 8.27 x  lO " 7
01 3 1.38 2.44 1.50 x  10 - 5
Ile -N aF 18 0 57.10 57.10 1.92 x 1 0 ~ 9
05 1 25.30 21.70 8.94 x lO - 7
01 2 *6.27 6.27 7.11 x  10“ 3
T h e  in v erse  o f th e  im a g in a ry  p a r t  of th e  T -m a tr ix  gives th e  life t im e  
Ts[4] an d  from  th e  po le  of th e  T -m a tr ix  we g e t BS en e rg y  a n d  th e  c o r re ­
sp o n d in g  su rface  te m p e ra tu re .  71
71 A(3)-12
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The figure shows the variation in sticking coefficient with gas tempera­
ture for He-LiF and He-NaF systems for different BS.Curves (a), (b), (c) 
and (d) are for He-LiF for n=0,l,2  and 3 respectively.Curves (e), (f), (gj 
are for He-NaF for n= 0,l and 2 respectively.
It is interesting to note from our tabulated results and the figure that, 
at higher temperature the capture into the physisorbtion BS is possible. 
The measurement of such physorbed states however can be monitored 
through careful measurements of the specular beam.Thus we conclude 
that our theory which takes into account the higher order contribution 
in the transition matrix predicts a nonzero capture even at high temper­
ature for a phonon mediated process.
0 50 100 150 200 250
Tg(K)
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